intrinsic conformational distortion derived from intramolecular steric hindrance among peripheral phenyl groups, 5 and also by forming hydrogen bonding with anionic species, which are conjugate bases of Brφnstead acids, to give a supramolecular assembly. So far, many attempts have been made to detect and isolate porphyrin monoacids, which are monoprotonated species of porphyrins as intermediates in the course of the diprotonation, by protonation of porphyrins with Brφnstead acid 7 or deprotonation of corresponding diacids by dilution 8 or 30 addition of base. 9 Although the crystal structure determination of porphyrin monoacid has been made on β-substituted octaethylporphyrinium (H 3 OEP + ), 8b,10 to date, no crystal structure determination has been made on porphyrin monoacids having substituents at the meso positions. Thus, 35 porphyrin monoacids have been "missing species" for the meso-substituted porphyrins. The arguments on porphyrin monoacids have been limited to their formation and protonation equilibrium, and their characteristics have not been discussed due to the difficulty of their isolation and 40 stabilization to achieve thorough characterization.
We report herein for the first time the formation and crystal structure determination of supramolecular assemblies involving a porphyrin monoacid, H 3 DPP + , and sulfonate anions that exhibit hydrogen-bonding ability due to the 45 delocalization of negative charge on the three oxygen atoms. We also report the spectroscopic and electrochemical properties of the saddle-distorted porphyrin monoacid. Monoprotonation of H 2 DPP provides a new way not only to control the electronic and redox porperties of porphyrins but 50 also to construct supramolecular assemblies.
As shown in (2) , which was obtained as green crystals by two-layered recrystallization with addition of CH 3 OH on the top of the CH 2 Cl 2 solution of 2. The selective crystallization of 1 and 2 should be ascribed to the better crystallinity of the monoacid salts than that of the 70 corresponding diacid salts and that causes equilibrium shift to afford the monoacid salts, as described in Scheme 1.
The crystal structure of 1 is shown in Fig. 1(a) . ‡ In this compound, the saddle-distorted H 3 DPP + forms hydrogen bonding among two of N-H protons of pyrroles and two of 75 oxygen atoms in the sulfonate group of the 2-AN-SO 3 -anion in the interatomic distances of 2.867(7) and 2.89(1) Å (see ESI Fig. S1(a) ). † On the other side, a methanol molecule is hydrogen-bonded asymmetrically, showing interatomic distances of 2.911(5) and 2.862(6) Å (see ESI Fig. S1(a) ). †
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The anthracene moiety was settled in a cleft formed by the two phenyl groups attached to a pyrrole tilted up toward the anthracene part, forming π-π interaction with the phenyl 3 and K 2 = 4.2 × 10 5 mol -1 dm 3 , respectively. 13 As can be seen in the inset of Fig. 2(a) , the absorbance change at 470 nm is saturated at the point where 1 eq of 2-AN-SO 3 H is added. 35 This clearly indicates the formation of H 3 DPP + in solution. 14 The same spectrum was observed for the solution of the single crystals of 1 in PhCN, indicating that the monoacid is stable in solution in the presence of the sulfonate anion (see ESI Fig.  S5(a) ). † In addition, the spectrum of the single crystals of 2 40 also showed the same spectrum as that of 1 (see ESI Fig.  S5(b) ). † In sharp contrast, one-step spectral change observed in the course of the titration with 2-AN-COOH, with showing isosbestic points, as shown in Fig. 2(b) . The equilibrium constant for 2-AN-COOH was determined to be 3.8 × 10 11 45 mol -2 dm 6 . 13 In the case of 2-AN-COOH, the addition of 2 eq of the acid is required to observe the saturation of absorption change as depicted in the inset of Fig. 2(b) , indicating that the simultaneous diprotonation occurs.
On the contrary, in dimethyl sulfoxide (DMSO), the 50 titration of H 2 DPP by 2-AN-SO 3 H showed only one-step spectral change, which was assignable to monoprotonation and the equilibrium constant of this process was determined to be 1. . In comparison with spectral change observed in PhCN, we assigned the spectrum obtained in the poorly hydrogen-bonding conjugate base such as sulfonic acids affords step-wise protonation to provide the monoacid. We conducted DFT calculations on H 3 DPP + and that hydrogen-bonded with 2-AN-COO -at the B3LYP/6-31G level of 10 theory. 16 As for the porphyrin monoacid, the dihedral angles of pyrroles relative to the H 3 DPP + mean plane were estimated as shown in Fig. 3(a) . The non-protonated pyrrole showed the dihedral angle of 36.1°. On the other hand, the hydrogenbonded monoacid exhibited the dihedral angles as 15 demonstrated in Fig. 3(b) and a larger dihedral angle (44.9°) was obtained for the non-protonated pyrrole. This result suggests that the non-protonated pyrrole in the hydrogenbonded porphyrin monoacid is more subject to be protonated than the counterpart. Thus, the second protonation should be 20 enhanced to give the corresponding diacid.
In summary, we succeeded in the isolation and crystal structure determination of a meso-substituted porphyrin monoacid derivative with saddle distortion by controlling hydrogen-bonding ability of conjugate base of the Brφnstead 25 acid used for protonation.
Weakly hydrogen-bonding conjugate base such as sulfonates gave the porphyrin monoacid in the crystal as well as in solution, however, strongly hydrogen-bonding conjugate base such as carboxylates afforded the porphyrin diacid. The sulfonate 30 anions are not interacting in solution with the monoacid, however, they can form two-point hydrogen bonding with the N-H protons of pyrroles in the saddle distorted monoacid in the crystal. The intrinsic saddle distortion of H 2 DPP may contribute to the stabilization of the porphyrin monoacid, 35 allowing us to reveal its characteristics. The results reported herein will provide clear and precise description of a "missing species" in porphyrin chemistry and a new standpoint to develop novel supramolecular assemblies based on porphyrin monoacids. 
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A stable monoprotonated porphyrin (porphyrin monoacid) was obtained by reaction of saddle-distorted dodeca-phenylporphyrin with anthracene sulfonic acids and crystal structures of its supramolecular assemblies were determined.
